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U.S. National Aeronautics and
Space Administration.
Satellite pictures (courtesy of EROS Data Center, Sioux Falls, South Dakota)
indicate the motions awaiting exploration by the methods discussed at the workshop.
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The objectives of this Workshop were to provide a review of available
or potential techniquesvfor continuously tracking fleets of expendable,
floating drogues drifting with surface and subsurface currents over distances
of up to 100 km
and over time durations of weeks or months.
The Proceedings
are intended to be of value to coastal hydrodynamicists and those concerned
with the dispersal of pollutants in the coastal zones of the Great Lakes and
the oceans to stimulate scientific operations,
research and development.
As far as possible the discussions following each paper and the General
Discussion have been reproduced.
This will provide the specialist reader
with a deeper insight into the reasoning behind the conclusions reached,
recommendations made and research needs identified.
A summary of the
General Discussion is also provided as a shortened version from a tape.
Although it has not always been possible to readily identify participants in
some discussions, this is not a major drawback.
To facilitate future
communication, a list of attendees is supplied together with brief resumes
of the current interests of most of those present.
The Editor is indebted to Dr. Clifford H. Mortimer, Dr. Mervin D.
Palmer and Mr. R. M. Eaton for their helpful reviews of this document.




The Board's Standing Committee on Lake Dynamics sponsored this
technical workshop,
held in the IJC Great Lakes Regional Office, Windsor,
February 24—25, 1975.
The objective of the workshop was to address the
problem of measuring surface currents on the Great Lakes to provide









researchers in the field, manufacturers
of electronic navigational equip-







































































































(e.g. by means of thermistors) and perhaps also water depth (e.g. by a
pressure transducer). The drogue immersion depth would commonly be about
10 m and four or five additional thermistors would be suspended at
intervals below it, giving a total drogue plus sensor line vertical depth of
about 20—25 m , with a suitable lower sinker weight attached.
Although it was considered necessary to minimize the total drogue area
and sensor depth, Monahan's rule for drifting drogues was cited, i.e. that an
underwater area of at least 100 times that exposed above water be utilized.
Line drag places an overall limit on the depth of equipment used. Maximum
feasible drogue and sensor attachment depths might prove to be 50 to 60 m.
Drogue Deployment and Tracking
User requirements will varyfrom say 3 to 4 locations about 10 km
apart to a closer initial array of up to 20 drifters. There are likely to
be two general classes of experiment; one concerned with nearshore motions
and dispersal, the other related to whole basin motions using large, more
widespread, arrays.
Drogue Positioning and Interrogation Techniques
1. Acoustic
The application of underwater acoustic transmission technology
(i.e. SONAR) was discussed in relation to the Great Lakes drifting buoy
project. Compared with its successful use in the ocean, it was felt that
in nearshore areas of the relatively shallow Great Lakes, problems would be
encountered in signal interpretation due to interfering echoes from the
lake bottom and losses at the surface.
Specialists in the use of this technique emphasized the signi-
ficance of the underwater sound velocity profile. Continuing research is
necessary.
It was, nevertheless, considered a valuable tool to explore for
 this purpose in the Great Lakes, utilizing shore stations and hydrophone
depth and positioning systems.
The underwater transmission technique could
avoid some air-water interface problems associated with drogue positioning
by conventional methods.
It was noted, however, that personnel thoroughly




(LF) and Very Low Frequency (VLF)
 
Both Loran—C and Omega
(VLF) radio—location techniques are valuable
in this context when used differentially.
Loran—C is favoured with a useful
maximum range of 1,000 km
(650 n. miles) but to date, coverage of the Great
Lakes is not extensive and is especially lacking in the Upper Lakes.
The
global network will be expected to serve this region by 1980.
Differential
Omega (VLF) has an accuracy of i 500-700 m
at its maximum range but further
development may reduce this to i 300 m.
The range, when used differentially,











































































































This equipment is commercially available for simultaneously tracking
a total of 30 buoys from ten shore stations.
The buoy radio frequency trans—
ponders, costing several thousand dollars each, are not considered expandable
hence not suitable for the proposed Great Lakes project.
B) PROGRAM MANAGEMENT
































































































































































































































 was also noted of the recently established NOAA Great Lakes Environmental Research
Laboratory at Ann Arbor, Michigan. Canadian agency programs in this context
had already been described during the presentations and participant introductions.
Following brief discussion on the use of models in Great Lakes management,
the Chairman cautioned against ready acceptance of modelling techniques per ES
without prior awareness and understanding of the limitations to their application.
In View of the variety of government agency—sponsored, international,
activities on the Great Lakes directed toward this objective, it was recom-
mended that an Advisory Committee be established to coordinate and evaluate














Dr. Mortimer, Chairman of the Standing Committee on Lake Dynamics and
of this Workshop, reviewed studies of circulation of the Great Lakes. Coastal
currents less than ten miles offshore have recently received attention in
respect to tracking and modelling of thermal plumes. However, very little is
known regarding the variability of the "underwater weather" into which these
plumes are released. Over the past three years, fixed current meters have
been used in nearshore zones some ten miles wide; yet, as Earth Satellite
pictures vividly informus, there remains much to be discovered concerning
horizontal dispersal patterns on whole basin scales and sub-scales.
Whole basin studies are also needed in these stratified systems which,
owing to their size, pose sets of new phenomena not observed in small lakes
nor in the oceans. In summer, the Great Lakes exist as stratified two-layer
systems with a sharp thermocline. Both windstress and the Earth's rotation
(i.e. the Coriolis Force) provide up-and downwelling in ten mile wide strips.
The potential energy injected here is distributed throughout the whole basin
as large amplitude internal waves involving the entire thermocline. Simple
linear theory envisages (i) nearshore Kelvin internal waves involving geostrophic
shore—parallel currents confined to within 15 km of the shore, and (ii)
internal Poincare waves which influence the entire lake thermocline.
These internal standing waves traverse Lake Michigan, as discovered by Dr.
Mortimer's observations using instrumented railroad ferries, and the pattern
probably extends along the whole length of the basin. This latter postulate
could best be tested by Lagrangian measurements with floating instruments.
Based on these and other observations, it would be expected that the thermo—



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































of the drogues and therefore do not contribute to the turbulent transport
and diffusion (Cederwall 1971). Cederwall has demonstrated the "filtering
effect" in laboratory channel flow by observing the dispersal of different
size drogues. Smaller size drogues would have beenmore suitable for this
study, but practical considerations in the field dictated the use of roller—
blind drogues. However, to simulate large—scale horizontal diffusion, these
drogues were considered adequate, although smaller scale turbulence is averaged
out due to the physical size of the drogues.
In an experiment designed to study the simultaneous diffusion of
fluorescent dye and a group of drogues, we have also recognized these effects
in field experiments. The details of these experiments and some interesting
results are contained in a short note, in the forthcoming issue of the Journal
of Physical Oceanography.

































flow and "filtering effect";
 l3
2) The drift of the drogues released in coastal waters (within 2 km or
so) was generally shore—parallel, whereas the drift of the cent—
roid of drogue group released offshore (20—25 km) exhibited typical
inertial movements;
3) Periodic regrouping and subsequent dispersal of drogues (released
offshore) at approximately 16-18 hours corresponded to the local
inertial period indicating the presence of convergence and diver—
gence in the flow field. Okubo (1970) has discussed this problem
in some detail. Thus meso—scale motions such as convergence and
divergence of flow field as well as turbulent dispersion due to
random eddies are important considerations in the kinematics of
floatable clusters.
In summary, in addition to looking at the drift and dispersal of drogue
groups in coastal currents, one can attempt to describe the flow field itself
from continuous tracking of a group of drogues as suggested
in recent papers
by Okubo et al.
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By your comments of Okubo's theoretical work on convergence and div-
ergence, you prefer to ascribe those sorts of variations to oscillatory
variations in the convergence and divergence?
 
MURTHY: That's the only possible explanation that is given. Why?
CUTCHIN: Well, it's good news to a lot of people like myself who believe in
whole basin motions and oscillatory and the like explaining most of the
fluctuations of the currents in terms of organized motion rather than tur—
bulent eddies. That is exactly what you would expect to see if there were
oscillatory shears which are consistent and repeatable. What they were doing
was actually stretching the patch out, returning it to more of a circular
cluster and then stretching it out in the opposite direction.
What you might be able to do is to look at the shape of the patch,
observe the eccentricity as a function of time (it is an ellipsoid generally)
and examine the facts. You might find out that it is true. The patch is
generally growing larger at some constant rate, the shape factor changing in
an oscillatory fashion.
WATSON: I was very struck by the analogy here to astrophysics and the kinetics
in the formation of galaxies. I wonder if you, as a group, have looked at
this problem in relation to what theoreticians and other people involved in
astrophysics have found?
MURTHY: I know about meteorological work but I do not know of astrophysical.
Oguro did balloon tracking in the atmosphere in the early 1950's. I had more
atmospheric work in mind after reading Oguro's book and there are some









































































































































































































































































nience. It depends on the type of technique.




















































































































































and you superimpose :ISO metres on those points then the differences that we
are getting between the relative groupings would not be quite so well defined,
I think.
MORTIMER: Well, I see it would be helpful to have the spread on a diagram of
that sort. You can Visualize a spread as equivalent to some statistical
confidence limit on the location.
PALMER: The other question I had concerned the starting time of drogue
tracking for dye patch comparisons. You say two hours.





BUOY TRACKING ON THE GREAT LAKES USING VERY LOW FREQUENCY





This paper describes the application of VLF (Very Low Frequency) (10-30
kHz.) and LF (Low Frequency) (30-130 kHz.) systems for tracking drifting buoys
and interrogating them by re—transmission on VHF (Very High Frequency) or UHF
(Ultra High Frequency) radiosonde applications - eg. re—transmission at
frequencies of 26, 350, 400, 406, 407 and 420 MHz. The merits of utilizing
the over 100 existing North American meteorological monitoring stations, are
noted.
Drifting buoy studies during the (1972) IFYGL (International Field Year
on the Great Lakes) are presented. Using differential Omega (VLF, 10-15
kHz.) or Loran—C (LF, a pulsed system with a mean frequency of 100 kHz.) a
position accuracy of i 100 to 200 ft. at a range of up to 1,000 km. is
possible for a fleet of buoys with re—transmission. Usually a 5-20 mile range
is found without re—transmission, dependent upon the antenna height. For data
recording, the "floppy" discs of 100,000 bit information capacity, available
for radiosondes, can be installed.
Also discussed is multiple remote tracking of drogues, with individual
identification for interrogation at specific intervals. Earth satellite
technology is similarly included as a viable system for drogue tracking and
re-transmission of data. For the Great Lakes, differential Loran—C (monitored
by the U.S. Navy using a Caesium-beam frequency standard) is favoured but the
geographical coverage is as yet inadequate for this region. Adequate Omega
coverage for the same region is expected by 1975.
The major element for implementing feasible systems concerns the problems
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DISCUSSION
EATON: In synchronizing the Omega transmission, you probablydon't require an
oscillator in the buoy to keep in time with the satellite position?
BEUKERS: That is correct. Now this, I think, is a very powerful and subtle
device for keeping the buoys on track. It means that they have to be timed
once. Well, it is a fact that if the station goes down all the buoys will
skip the same amount at lO—second intervals. So, as long as you allocate time
slots they will come up in those divisions.
KERUT: Relatively speaking how much will they be, the buoys and their related
systems?
BEUKERS:\ I don't want to belabour the whole subject of re—transmission, but
just to give anexample here, I think that a device like this (demonstrates
instrument which is a radiosone Navaid receiver) will receive the spectrum of
Loran, tuned to receive from 10—150 kHz (KiloHertz). This (demonstrates same
receiver) is part of a Radiosonde and probably costs, as a sub—assembly, in
the order of $4-$6. The Radiosonde, incidentally, sells in quantity, from
$30—$50 which includes an aneroid element, a thermistor, etc. The demons—
trated receiving antenna is a 6-foot piece of wire which goes up the balloon
train.
KERUT: What category do you put the base station in? How do your costs com-
pare when you put the receiving station into the system at headquarters? The
cost to the investigator may be best.
BEUKERS: The cost to the investigator includes whatever packaging he has to

















































































































































































































































































































































each buoy transmits once per hour for example.























































































can obtain coverage where, at present, Omega is lacking.
23
PALMER: What is obtainable in terms of accuracy of location with some of
these hyperbolic—type (I think) transmissions?
BEUKERS: The Loran system will support, not on an absolute basis but on a
relative basis, accuracies in the order of 100 to 200 feet.
PALMER: What do you mean by "100 foot, relative"?
BEUKERS: If you have your cluster of buoys then We are addressing relative
positions of the buoys rather than an absolute position of the whole field.
We can then achieve greater accuracies and fifty feet type numbers are not
unreasonable.
PALMER: This is independent of rotation?
BEUKERS: I assume you mean rotation of the field. Acouracy depends upon
the Navaid geometry. Now 50-100 ft. would probably be achieved on Lake
Ontario, but as you go further away, the geometry and the signals become
poorer, then of course you will not support that type of accuracy.
PALMER: What is the absolute position?
BEUKERS: Using differential Omega or differential Loran with benchmarks,
we can achieve similar accuracy to relative positional accuracy. We take
account of propagation effects along the path of the Navaid transmissions.
Absolute position without any corrections can achieve an accuracy between
1,000 feet and 2,500 feet for Loran-C. Differential Omega will support
an accuracy of something like 1/4 mile within the vicinity of the monitoring
station. VLF, which has a higher frequency, will probably support the same
sort of accuracy. In the Great Lakes area, using North Dakota and Cutler
and Jim Creek, we could probably improve this.




BEUKERS: Yes, accuracy is affected by atmospheric noise. Thunderstorm








































with Trinidad - and probably when the Trinidad Station goes to Liberia - and
with Norway there may be some problems with the signal strength.
POPPE: One of the interesting things is that everybody thinks of the thun—
derstorm overhead whereas Omega can operate in violent thunderstorms and that
is not a problem. The problem is the large weather system a couple of hundred
miles away that is more harmful.
BEUKERS: Yes, the approaching cold front which has many Cumulo—Nimbus
thunderhead clouds is very active and causes a marked degradation of the
signal to noise ratio.
POPPE: Of course it has a more integrated effect. How many lightning strokes
do you get in all the thunderstorms going overhead? We have been in some
raging storms and I've seen some of the strangest static.
KERUT: I would like to make one comment on the differential Omega system
which we will be evaluating. The manufacturer claims accuracies in the order
of 100 metres out at distances of less than 50 miles and accuracies of 300
metres out to 100 miles through signal processing techniques. That's why we
are evaluating it.
WEBB: These are very well—noted numbers and I think they originate from
Burrough's and Mordrum's work.
CUTCHIN: Perhaps this question has been asked before. Are there essential
difficulties in running this type of system close to the water?
BEUKERS: No, Loran and Omega are received on the surface of the water and of
course Omega goes down a little bit but Loran doesn't penetrate very far.
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Typically, one needs a 3—foot whip antenna. We can use a smaller one but a
3—foot whip is a reasonable structure.
MORTIMER: Does it have to be dry or can it be wet?
BEUKERS: We have to remember that the impedance of an antenna to receive
these very low frequencies runs in the order of 500 kilohms to one Megohm
and therefore any leakage (freshwater is a bit better than salt water)
makes the antenna ineffective so we have to coat it with epoxy resin and
all those things that keep out moisture.
WILSON: I have just one question and that is what do you envisage, if
necessary, to re—transmit from a water surface as opposed to 5,000 - 10,000
feet up?
BEUKERS: Well, I think that maybe John Carros will address this a little
bit in his talk, but the swell and the fact that your signals are coming
off the surface means that you must get up to a reasonable altitude. As I
say, it is a restriction of this technique. If some high ground is avail-
able it‘s fine or if one flies a kiteoon* or has some other method but it
is a severe restriction on the range that one can get, unless one can go to
satellites or use HF (High Frequency) or some other communication technique.
WILSON: Coupled with that question was the transmission technique which
you have considered defective. What is there in terms of time space to add
sensor data, types for which we are not really aware of at this time?
BEUKERS: Sensor data can be either time or frequency MULTIPLEXED on the
carrier wave. The radiosonde sends back time multiplexed temperature,
pressure and humidity. Navigation signals occur at a different part of the
frequency spectrum, and one tries to keep them so that the met. and Navaid
don't interfere with one another. There is the opportunity to transmit






























































































































































































































































































































































































































































































































































A SUMMARY OF POSITIONING METHODS FOR "TALKING BUOYS"
CHAPTER 3
R. M. Eaton
Bedford Institute of Oceanography
Darthmouth, Nova Scotia
INTRODUCTION
This is a brief summary of the positioning methods that first come
to mind as solutions for tracking drift buoys. The emphasis is on Loran-C,
not because it is necessarily best, but because our main experience over the
last few years has been with it.
A thorough study is recommended to develop the best compromise positioning
solution. The scientist must first outline his requirements for range;
frequency of interrogation; accuracy required in resolution, in instantaneous
velocity measurement, and in geographical location, etc.
However, these should
be permitted to adapt to positioning problems and possibilities.
The eventual
solution should be the result of a continuing dialogue between the scientist
and the specialist in positioning; however, both must obviously realise that
this process is not open ended.
At a certain stage the scientist must be pre—
pared to state his requirements and stick to them.
ACOUSTIC METHODS
Acoustics seem a logical solution for underwater instruments, but in
shallow water there are major problems (e.g. power loss due to surface and
seabed reflections)
that severely limit range, probably to a few km
at most.




This requires line of sight between the buoy and the transmitter. Satel-
lite navigation ("Transit") has this, but gives only intermittent fixes, at
random intervals. Motorola and Trisponder give very high accuracy from shore-
based radio-type interrogators, but the shore equipment is expensive (about
$35,000 for a 4—buoy system) and the buoy transponders are not expendable,
at $5,000 each.
RE—TRANSMITTED PHASE COMPARISON RADIO METHODS
either 1) Medium and Low Frequency, groundwave
or 2) Very low frequency, waveguide propagation.
Groundwave systems are much more stable and have higher resolution. They
suffer cycle identification problems.
VLF and Omega are unstable and must be operated differentially for reason-
able accuracy.
This is no great problem, as a differential monitor can be
built into the re—transmission receiver.
They also suffer cycle identification
problems, but at these low frequencies the “lanes” (unit beyond which the
measurement is ambiguous) are 15 km
wide, so that hourly interrogation will
maintain track of the correct cycle.
One solution of cycle ambiguity might be to D.F.
(Direction Find)
on the


































































































































































































































































































































































































































This is a brief simplification of a complex technology, intended to give
an idea of the diversity of methods available.
It is unlikely that any one system will provide the solution. John
Beukers' suggestion of combining the signals of systems controlled by atomic
frequency standards (Loran—C, Omega, VLF) is an attractive one.






Position Error (long axis
Reading Line of error diamond)
REPEATABILITY Sea 0.2 us 30—120 m 50—500 m
Land 0.5 us 75-300 m 150-750 m
GEOGRAPHIC Sea 1.0 us 150-600 m 300-2000 m
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Figure 2. Loran—C range measurements at medium
and long range under normal conditions.
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Figure 3. Loran-C range measurements at medium, long




There are two possible extensions which may be added to the system
you described.
First, in a retransmission system, when you receive a signal
at the buoy and retransmit it, it continues to travel along the telemetry
path at the speed of light (at the telemetry frequency).
This introduces
the possibility of measuring position in both the hyperbolic mode and
through ranging on the telemetry path.
In general, such a system provides
additional measurements, permitting a generalized, least squares position
solution (as opposed to separate solutions).
These measurements would be
carried out at one or — very powerfully — at two receiving sites, as
opposed to using a direction finding type of arrangement from which cycle
ambiguities are liable to result.
secondly, you could consider the use of inverse Loran—C or an inverse
hyperbolic system. In this case, the buoy tranSmission (not necessarily
of high stability) is received at three sites. From the three resultant
range measurements, we solve for latitude, longitude andfrequency. A
modification would receive and retransmit a single shore based signal (e.g.
the North Dakota Omega Signal). This would provide a stabilized signal
at the receiving sites. A final possibility wouldbe to transmit a
chirped 30 MHz pulse signal (a frequency-swept pulse).
Other than that, I couldn't come up with any other combination. You
did very well. However, I believe the Omega ranging concept is fairly
common .
EATON: I like that one. I don't like the idea of direction finding
because it is messy and inconvenient, but I think you wouldneed some very



































































































































































































































































































































































































































































































































































































































































































































































































































































































able to DF it. But of course the accuracy degrades with distance, because
the position error due to a given bearing error is a linear proportion of
distance.
MORTDWER: If you have an array of antennae and increase the distance of
your antennae, can you increase the DF accuracy to a useful level?
EATON: You woild improve the accuracy by moving the direction finding
stations apart until they havea 90-degree signal intersection at the buoy
yOu are trying to DF. You would also improve it by having a number of BF
stations.
Airborne VOR (VHF omnidirectional range) presents the inverse of a
buoy problem. The aircraft to be positioned has a receiver which compares
a constant phase and a rotating phase signal from a large and expensive
ground antenna . Even so the accuracy is only within 2°-4°.
MORTIMER: I read a Doctoral Thesis from the University of Wales, Menai
Straits Station, where a student had been tracking buoys in the Irish Sea
with very large tidal currents. He was interested in residual flow, and he
had a land based station with rather an elaborate van with two Adcock
aerials of about 20 metres spacing. He claimed a bearing accuracy of two
degrees and ranges of up to 50 miles or so.
EATON: Well I'm suprised he got as good an accuracy as two degrees, but if
you were talking about fleets of buoys, you certainly will have an iden—
tification problem if you try direction finding. But that's a different
problem. I don't think DF is a very satisfactorysolution.
MORTIMER: If you have a fairly wide spacing to start with however, and





A DEVELOPMENT AND TEST PROGRAM FOR DRIFTING BUOYS
CHAPTER 4
E. G. Kerut
National Oceanographic and Atmospheric Administration
Data Buoy Office
Bay St. Louis, Mississippi
This paper described the major program areas of the NOAA Data Buoy Office
in Oceanographic studies. The four programs are noted in Table l as:
—— expendable Lagrangian current buoys used in the Southern Ocean FGGE
Program (First GARP* Global Experiment);
-— HF/NAV—SAT (High Radio Frequency Navigation Satellite) Ice Buoy;
—— expendable Ice Buoys; and
-— "Tall" buoys for Air—Sea/Mixed Layer Studies.
Mr. Kerut illustrated the drifting buoy development program by means of a
schedule shown in Figure 1 covering events from Federal Fiscal Years 1975
through 1979.
Design features of Moderate (see Figure 2) and Severe Environment drifting
buoys (NOVA Series) are given, in addition to the types of sensors carried for
measuring wind speed, barometric pressure, air temperature, sea surface temp—
erature and water temperature at 5—100 metres depth described in Table 2.
The low cost expendable buoy for moderate environmental service, for example,.
employs the RAMS (Random Access Measurement System) — see Tables 3 and 4 —
communication with the proposed NIMBUS—F earth Satellite — see Figures 3 to 6 —
and is expected to have an operational lifetime of 6—12 months.
The RAMS system elements consist of a polar orbiting satellite, drifting
buoys and processing of platform and sensor data. Data telemetering described
in Table 5, and Doppler measurements comprise the measurement system and random
access includes both a random time of platform transmission at a random
frequency within the :6 kHz band. Features of the data telemetering technique




































































Other communication systems considered are the TIROS-N satellite buoy
transmit terminal and the Loran—C low frequency radio re—transmission network.
As can be seen, these represent earth satellite—dedicated designs. Finally,
proposed performance goals of TIROS-N (l978-‘79) — shown in Table 8 — are
presented.







































































from Multiple Earth Platforms.
Table l




o HF/NAV—SAT ice buoy
high accuracy
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MAJOR SUBSYSTEM DEVELOPMENT PROGRAMS
Communications
— NIMBUS—F (RAMS) buoy Transmit terminal














Launch date June 1975
Platform position location accuracy iSkm
Velocity determination accuracy :lm/second
Time tag accuracy 10.1 second
Maximum number of platforms in 200
satellite field of View (at any one time)
Maximum number of platform capacity 1,000
Bit error rate 10—4






















0 Random Access -
Random time of platform transmission
Random frequency within iokHz band













































































































































































    
401 . 2 MHz
TO ALL
STAGES




































a 401.2 MHz :l4.5 kHz
0 1 sec. transmission every 63 sec.
0 100 BPS data rate
0 32 data bits/transmission
o 64 data bit capacity
0 .i6OPSK modulation
Table 6
BUOY TRANSMIT TERMINAL (BTT) CHARACTERISTICS
Transmission Frequency:
401.2MHzi6kHz
Short Term Stability: 1 x 10-9
LOng Term Stability:
:A.2Hz per 15 minutes












Packaged to fit within a 4 inch






Power Source: 12 VDC


















RAMS ~ BTT DEMONSTRATED COMPATIBILITY TESTS



















































26—27 Nov. 1974 T.I., Dallas, Tex. 7.5 hours Compatibility demonstrated
Freguency Drift
10 to 12Hz frequency changes
between successive trans—
missions (to be corrected
with use of new crystals)
Power Variation
No misses at —125dbm
received signal strength
29 out of 30 transmissions
were successful at -131 dbm
received signal strength
21 out of 30 transmissions





Schedule — lst launch January 1978
— 2nd launch July 1978
3rd —5th launch 1979—1981
5 satellites in orbit








CDA - Wallops Island, Va.
Gillmore Creek, Alaska
Link Characteristics
— Uplink only at 401.650 +12kHz
- Circular polarization —
‘4 to 32 sensor word capacity/platform
- PSK at il.l radian modulation
400 BPS data rate
- 5-8km position accuracy
200 platforms in View at any time
2,000 platforms — global capacity
 49
DISCUSSION
CUTCHIN: Have you any comments to make about the new, inexpensive, radio drogues
which were used by Libby?
KERUT: He was working with the NORPAX people at Scripps Institute of Ocean—
ography, on several topics. The only comment that I could make is that
apparently up until the time of the marker he was successful with that system.
The signals cannot, however, all be attributed to a current.
CUTCHIN: In other words he was able to receive signals with that system
giving him a third degree of reliability?
KERUT: I might add that we were very successful using that tracking with our
system. We had a VHF tracking system on our buoy and at 2,500 feet altitude
one could locate the top of the buoy. We would send an aircraft up every
four or five days to observe the array. We could tell which buoy had a drogue
and which didn't and most of the drogues would stay clustered and drift only
four miles a day. The ones that had lost their drogue could drift off at
the rate of about 25 miles per day.
MORTDMER: Well that's significant isn't it?
KERUT: Yes, that provided more than just a list of experiments on the drogue











IN THE BEAUFORT SEA SURFACE CURRENT SURVEY*
and








This study was part of a group of investigations organized to study the
impact of offshore oil drilling on the Arctic environment and conversely, the
effect of the environment on the practicability of offshore drilling.
The
main objectives were (1) to track drogues over a very large geographical area
in a limited time period to determine a composite picture of the offshore




and mean drift and
(2) to test the feasibility of tracking
drogues over a large area using aircraft.
INSTRUMENTATION
The buoyant radio beacons (see Figure l), constructed to withstand the
impact of being dropped from 100 ft at 100 knots, were developed
($12,000)
and produced at a cost of $109 each by Radio Engineering Products in Montreal.
They consist of a 1 watt VHF transmitter, a modulator, and timer and had an
expected life of two weeks but in fact transmitted from less than one week to
a month.
The circuit board and two 6 volt Mallory manganese alkaline lantern
batteries were supplied in a cylindrical aluminum buoy — the total weight of
*Mr. Landry's summary of material provided by Dobrocky Seatech Ltd. and



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ments and (2) To obtain a series of still photographs which can be easily
digitized and subsequently used to produce current roses, velocity vs. time
traces, local estimates and divergence, etc. as well as a "cleaned—up" movie
of a CRT* displaying only digitized drogue positions, a digitized coastline,
and various forcing functions such as wind speed and direction, tidal height,
and river flow if applicable.
Although this technique as presently developed is not directly applicable
to ranges of more than three miles radius the data reduction and analysis in—






The set used was a standard Decca model RM 916 ($5200) with a 6 foot
*
scanner and a CRT of 7.5 inches effective diameter operating on a 3 n m range
 
scale having a 0.5 n m ring interval and using the long pulse length (0.75 us).
The power input was 115 V.a.c. with a 250 W. rectifier unit used to provide a
32 V.d.c. supply for the transceiver and display units and a 110 V.d.c. supply




It should be noted that the use of radar for tracking is somewhat weather ﬂ
dependent in that the quality of the image displayed is affected by the presence
of rain and sea clutter. However, since the camera shutter remained open for
six sweeps of the scanner a drogue return signal appears darker than light %
clutter which shows as a very large number of small echoes whose positions are
random from scan to scan. However. heavy clutter can completely obliterate
the screen and make the picture unuseable.
Decca states the range discrimination as 10 m on the 0.5 n m range
scale. Although no tests have been done, the overall range resolution including
radar error, optics errors, and digitizing errors is probably in the order of
£30 m on the 3 n m scale. Thus, in a one knot current with two pictures
taken 10 minutes apart during which time a drogue would travel about 300 m ,
the velocity would be in error by :10%.
111E gsMERAS
The still pictures were taken with a motorized Hasselblad model 500 EL/M
with a 70 frame back and a Zeiss Planar 1:3.5 f=100 mm lens fitted with a Proxar
f=lm to enable close-up focusing. ($2,000).
The movie was takenwith a Super 8 Nizo model 800 ($750) which has a built-
in intervalometer and an automatic aperture. The lens was open at all times
7':
-9

















































































































































































































































































































reinforcing rod acting as a weight with a 2" x 2" wooden pole for a float.
57
DATA REDUCTION AND ANALYSIS
 
DIGITIZATION
All points appearing as drogues on the negatives were digitized using
a "trilateral reader" designed and built at the Pacific Biological Station in
Nanaimo, B.C.
This reader consisted of a Leitz Wetzlar Universal type projector,
adapted slightly to accept 70 mm film strips, mounted on a rigid frame with an
opaque screen on the opposite end. At each top corner of the screen is a
potentiometer with a spring loaded drum around which a string is wrapped — both
strings are attached to a cursor which can be moved anywhere on the screen.
The cursor is thus found by trilateration, the cursor and the two potentiometer
drums being the apices of a triangle. These have shown the error (including
that of the operator) between two points to be about 11%.
The paper tape output from the digitizing process thus contains for each
photograph: a digitized trilaterated coordinate for all points appearing as
a drogue, the radar site, and two reference points; identification of roll and
picture number, time, and date; a digitized coastline.
DROGUE IDENTIFICATION
The paper tape output from the digitizing process is put onto a 9 track
800 BPI magnetic tape which is then run through a program on the U.B.C.* IBM
370 computer which converts the trilaterated coordinates to rectangular ones
and puts them in a format compatable with the PDP—lZ computer where the infor-
mation is then displayed on a cathode ray tube.
On the PDP-lZ computer with the use of the prints and the log sheets kept
in the field each digitized point on every photograph is assigned its proper
dI‘Ogue number or identified as an unwanted point (log, boat, etc.) and removed.
This information is stored on a disc which is then used to generate a 9 track
800 BPI magnetic tape which is run through a Program on the IBM 370 C°mPUter
which removes unwanted points and sorts and assembles float track records. This
M




























































































































































































































































































































































































































































Further reduction would probably be dictated by the purposes for which the
analysis is to be carried out. Some options could include the production of
current roses, velocity vs time traces, divergence (either Langrangian or
Eulerian) or a search for relations between the forcing functions and currents

































































































































Prints of still negatives
















































































































































































































































single vector for each over a
given time period
   
current roses, velocity vs. time





























RADARS TYPE RM 914 AND RM 916
9415MH2 to 9475MH2
(X—band, wavelength approximately 3.2cm)
End—fed slotted waveguide array.
Horizontal.
Continuous 28 rev/min in relative wind
speeds of up to 100 knots.
RADAR TYPE RM914 RADAR TYPE RM916
Nominal aperture: 4 ft. (120 cm) 6 ft. (180 cm)
Turning circle: 52 in. (132 cm) 75 in. (191 cm)
Horizontal beamwidth at -3dB points: 1.30 l.go
Vertical beamwidth at —3dB points: 20 20
Sidelobes (relative to main beam)
within :10 : —23dB —25dB
outside thO: —30dB —32dB




P.R.F., pulse length (P.L.) and
mean power:
Second and third trace echoes:
3kw nominal.


























































































































































































































































































































































































































































































































































































































































































































































































































Continuous 25 yd to 48 miles in increments
of 1/100th of a mile to 10 miles range and
l/lOth of a mile above this range.
Within 1%2 of the maximum of the range
scale in use or 75 yd (70m), whichever
is the greater.
Optional.
A frequency swept cavity provides for an
overall performance indication.
A meter on the display provides a
continuous indication of r.f. power output.
A drop of less than 10dB in overall




24V d.ct 20.6V to 32.4V 230W
32V d.c. 27.8V to 48V 230w
110V d.c. £102 —20% 270W
220V d.c. £102 —20% 288W
115V 1d & 3¢ a.c. iIOZ 255W
230V l¢ & 3d a.c. i102 255W
38GV—440V 3¢ a.c. i102 255w
















































































































































































































































































































































































































































































































































































































































Loaded Block of Wood 1555
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logical extension of this development.
Early in 1974 we successfully launched
the 1,800 ft2 sail drogue shown in Figure 3 (previously unpublished), but
that was done in the Windward Passage, and involved the use of the 240 foot
R/V KNORR of the Woods Hole Oceanographic Institution.
 
*Absent from workShOp. Manuscript forwarded by Author to Secretariat for
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Rota: that L.D.B. Terhune's treatise on Free—Floating Current Followers,
referred to is reproduced in full in the Appendix, owing to its value
in drogue design.




































































































































































































































































experiments from 1959-1960 up to the present and outlined areas for further
research and development.
Initially,
traditional survey methods were used to position the buoys,
which were equipped with radiosonde transmitters up to a range of three to
four miles offshore by shorefront radiolocation stations.
These studies were
relatively successful.
The use of aircraft tracking of drogues during daytime
over 5-hour intervals was also employed in addition to obtaining charts of the
nearshore turbidity features.
It should be noted that the hazard of grounding
of drogues in shallow waters implies the need for expendability of drogues.
Less successful, however, has been the use of deduced reckoning in positioning
of both drifting and anchored reference standard drogues used both in shallow
and in deep waters.
The convergence behaviour of drogue clustersreferred to earlier by
Dr. Raj Murthy, has been observed. The maximum spread of a fleet of ten drogues
over several hours has been found to be 500 metres. The centroid of a dye
patch shows similar correlation under the same conditions. However, the incid—
ence of storms may well change the behaviour. A drift of 5 km/day with the
large inertial component superimposed, is usually observed for such a drogue
cluster.
The environmental instrumentation provided for the drogues usually comprises










































































































































































































































































































current when you have a deep—set drogue, where the actual vane is some distance
down.
MURTHY:
Early, I think, in the volumes "The Sea", Knauss wrote a short
article on The Design of Drogues.
In his footnote he mentioned that quite often
people do not recognize the importance of the depth of the drogue, since it is
an aspect which is often ignored.
EATON: I would just like to mention the traditional way of locating a drogue
by getting some type of a report where it washed ashore.
EATON: Can you say whether you want to measure instantaneous velocity or do
you just want to know where it is at one hour and then one hour or so later?
RODGERS: Well, that depends somewhat on the objectives of the study. If it
is a question of finding out where it goes over a period of a week or two, I
suspect our major problem will be just trying to make sure that the inertial
motion does not last. The latter has a 17-hour period so the location should
be verified twice every two hours. If one is seeking convergence information










































































































































































































































































































































































By observing their motion, vertical currents can be accurately
gauged to within :70 metres depth.
For long range tracking of buoys, Webb used six shore-based stations to
simultaneouSly pOSition up to 200 drogues at a range of 1,500 km
or greater





















































































































































































































































































































































































as we say "on a certain density surface", then they can be.
MORTTMER:
Well,
that is just what is not wanted.
We would normally require
the drifters to be above or below the thermocline.
PALMER:
For sonic tracking one could use a device like a commercial hydrophone
to receive the signal that was about half the range.
WEBB: Yes, the shipboard is. Each of the three cases I have shown you is
different.
The long range tracking is done from fixed land base stations.



































































































































































































































































































































































































































































































































































































































































































































































































































































































temperature from all floats.
WATSON:
In describing your last buoy you mentioned that most of the weight
of the long range model was due to the batteries.
I feel it is a limiting
Q
factor and one fundamental to this exercise.
Several years ago I contacted
:
a firm that manufactured carbon batteries for railway use.
They could be used










ideas to aid this type of program?
WEBB: Well, two quick facts about batteries. It is my experience that, up
until five years ago, anyone in this business had to be very alert about what
could be obtained from power sources because they were rapidly becoming the






























































































































































































































































































































































































































































































obtain a constant signal?
WEBB: Yes, up to a point I think it would be. 3
PALMER: Has anybody tried that? What would the signal look like?
MORTIMER: It would involve pulse technology and processing the first echo
arrival, wouldn't it?
WEBB: It might do that. My colleagues are involved in this work, which is
very relevant to sound transmission and is important in detecting submarines.
In our own work we know that the sound is coming quite clearly down the sound
channel but, as it approaches our land—based hydrophones, it starts to
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*We are indebted to Dr. J. Garrett, Pacific Region Laboratory, for granting
permission to cite this contractor's report, "An Investigation into the














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Brief reference was made also to improving the DECCA system,
using
fOur stations and differential use to provide a more distinct hyperbolic
grid intersection for a position fix accuracy of about 22 miles, cross—
country. With additional electronic sophistication, long—range positioning





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































for inclusion in Proceedings.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The specific equipment of most interest to this workshop is the
Beukers Laboratories Inc. system developed for SAR and presently
being evaluated at the U. S. Coast Guard R & D Center, Groton,
Conn. This equipment consists of a Base Station capable of computing
the location of a remote retransmitter (Loran/Omega) or a Translator.
In addition to SAR, the system will be evaluated as a vessel-
tracking system and a buoy position monitoring system. I




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 shifts - monthly salaries
monthly expenses
Total










Instrument & Equipment purchases
Instrument & Equipment rental
Technical Personnel during survey
(incl. expenses)
Data preparation for presentation






























EXPERIENCE IN LAKE CURRENT MEASUREMENTS*
A. A. Arajs
Lake current surveys by drogue tracking have been carried out by Ontario
Hydro in the vicinity of thermal generating stations and selected sites since
1967. These surveys covered an area of 2—4 km along the shoreline and 1—2 km
offshore and generally were supplementing the current data acquired by the
in-situ current recorders. Up to 12 drogues were used simultaneously and
tracking was carried out by one or two pairs of transits from shore stations.
Starting in the fall of 1973 drogue tracking has been carried out by
using a range-range electronic positioning system. The drogue positions are
fixed at intervals from ten minutes to one hour recording the range-range
readings when the survey boatwith the system's transmitter—receiver passed
the drogue within a few metres. The recorded position of the drogue is
plotted immediately on a map while the boat proceeds to the next drogue.
This map showing concentric line distances from the transponder stations was
used also for navigation, positioning of instruments, sampling stations and
bathy-thermographic surveys. In Figures 1—3 are shown some survey results
and a sample "navigation map".
The use of electronic range—range positioningfor drogue tracking has many
advantages over the conventional transit-fixing method:
1. It reduces the number of technicians required for the survey;
2. More drogues could be used simultaneously;
3. Visibility problem is greatly reduced and survey is not hindered by
rain, haze, sun reflection or even light fog;
4. Area of coverage can be extended from l-2 km (limits of sight by
transits) to 30—50 km which is the range limit of the electronic
positioning system;
5. Loss of drogues is almost eliminated.
*Paper circulated by author at workshop but not formally presented.
 





















































     

































































































































































   
 





























































   
 




























TIME — 0919 — 1601 (EST)
0953
0940 0954 0955
0 1 2 3 4
SPEED — FT. SEC.
AVERAGE
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the marine band channel itself but the land lines which interconnect the
transceiver with our control stations. These are normal telephone lines which
handle less than 3 kHz; say 2,500 cycles/sec. (Hz). This is the real limiting
factor of integrating a re—transmitted Omega signal into that type of system.
MORTIMER: Special data lines won't help you?
CARROS: Yes, you can get special lines, but then again there is the cost of
implementing such a system and I do have a report on this subject. We inves-
tigated the feasibility of co-channel operation with re—transmission of Loran
and Omega over a waste channel in the same FM marine band and that report is
available.
MORTIMER: I was struck by Mr. Landry's description of the aeroplane with the
antennae on the wing struts and their simplicity of location with very inexpen-
sive equipment. I wonder whether the Coast Guard has studied this?
CARROS: Yes, the Coast Guard has a similar type of system installed operat—
ionally on its smaller, H—52, helicopters. They have two antennae mounted on
the lower part of their ship hull design superstructure and a simple volt—
switching "homing" scheme automatically switches from one antenna to the other









































































































































































































































































































































































































































































Knowledge of whole basin motions is a different problem.
Most government
interest presently centres on the coastal zone because most of the political
action is there. Also, most of the kinetic energy is found in the coastal zone
and wastes are discharged into it. So the zone is important from many






























































































































don't know exactly how best to solve it, hence this workshop.
Part C - Drogue Deployment Program
 
MORTIMER: There are others here who are qualified to address this. Keith
(Rodgers) would you like to write up your specifications for a buoy system?
Keith has been in this field almost longer than anyone else here, I would say.
RODGERS: We ought, perhaps, to define some positioning accuracy specifications.
MORTIMER: I think we would settle for rather low positioning accuracy provided
we can get it within reasonable cost; and we want the buoys to be "expendable".
The definition of expendable is elastic. If you are in a university the answer
w0uld be two to three hundred dollars per unit whereas in a government agency
it might be $2,000—$3,000 or more.
In accuracy and expendability there are probably trade—offs. I feel that
somewhere there is an acceptable trade—off, and I would like the accuracy in
mid-lake to be within iﬁOO metres. That would mean that nearer shore you would
perhaps know the position to :100 metres.
BEUKERS: Have weaddressed this situation of convergence and divergence in
these fields and what the specifications would be for the accuracy?
MURTHY: Is it necessary to do this? You are covering almost half the lake
with ranges of up to 20 or 30 km.
CUTCHIN: To be completely fair, there are probably people here - like
Raj Murthy — with much different specifications. From the things I've seen
which you showed us, you are probably interested in much smaller scales and








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































a list of alternatives based on your requirements of the number of systems that
would meet your specifications.
This type of analysis should include the positioning system, how it is
to be coupled with the buoy platform; the drogue costs, the receiving equip-
ment, the manpower costs, the retrieval and deployment costs, so that you can
examine those approaches and alternatives which will best meet your requirements.
MORTIMER: I fully agree. Something of that kind must be done, in fact the
Canadian Oceanographers have already, as we have heard, commissioned a system
study. The answer in that case was that there is nothing available to meet
the specified requirements without further development. Nevertheless, I feel
it has been valuable today to examine the possibilities again in the light of
all the experience we could muster. If we can develop mobile hardware, the
system could be transported from one lake to another, thereby obtaining more
value fromit than from one big program like IFYGL.
WILSON: What type of sensor data would you wish transmitted?
MORTDWEH: Several have been mentioned, e.g. temperature at various depths,
and the depth at which the drogue is suspended. A quite simple pressure
transducer would give you the drogue position within a metre or so. What
would also be valuable would be to suspend a string of thermistors below to
locate the thermocline. There are difficulties with that, however, because
there is often current shear at the thermocline, and a lightweight string of
thermistors may swing badly off the vertical, unless it were held down by a
large weight which would also add drag.
QUESTION: How many thermistors would be required and how far apart?
MORTIMER: I think about five depending on the geometry. If the drogue is at 10
metres you would need thermistors every twO metres depth down to 15 metres or
every three metres depth down to 20 metres, or so. Also desirable is confirmation
that the drogue follows the ambient current fairly closely. A simple pendulum
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in any of the other systems. We are just dealing with the costs of a few
of the electronic components and that puts it disproportionately out of
perspective. There are many advantages in an acoustic system which we should,
perhaps, delve into further. We can avoid the air—water interface or the
problem of the surface mixed layer. Many difficulties in terms of measuring
two currents are also eliminated.
MORTLMER: If you are doing it from a Shore station, where would you put your
hydrophones? Would they have to be in fairly deep water and would you have
a cable ashore?
WEBB: We would like to conduct some more research in that regard to determine
its feasibility. If there were that sound channel which would spool off a
hydrophone down to a suitable depth off the beach and have one planted there,
it would be comparatively simple as long as you didn't expect really long
endurance.
MORTIMER: Outside the breaker zone, presumably?
WEBB: Well, submerged to a suitable depth. I think what we need to see is a
picture of the sound speed profile versus season. I have that in mind for
the oceans but I don't know whether it is applicable to the Great Lakes.
PALMER: There are two operationally beautiful things with acoustic trans-
mission. If you can keep anything out of the air—water interface, including
ships, your life is about three times easier. Doing it by submarine it
would be even better.
So there are some advantages.
You are not concerned
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 d. Possible Cooperative Efforts of Such Development and Testing
Under Field Conditions
MORTIMER: I think we in the Great Lakes Region, both at CCIW, and in other
Great Lakes laboratories would probablybe only too pleased to test some of
these systems gratis, fitting them into a system of other measurements; e.g.
current meter arrays. Also, we could volunteer to try some pre—system testing
which the manufacturers might find very valuableat a later stage when they
market these items to government agencies and others.
e. The Availability of Existing Equipment for Modification and
Field Testing.
MORTIMER: I was verymuch hoping that the RAWINDSONDE equipment that was used
for the IFYGL Program could be located by NOAA, modified and put onto buoys
instead of balloons for use in a Field Program. I believe it was transferred
internally in NOAA to GATE (GARP Atlantic Tropical Experiment) and its fate
is unknown to me.
BEUKERS: The Radiosonde transmits pressure, temperature, humidity and location
is by means of Omega, Loran—C or VLF.
MORTDMER: Or optical theodolite, I suppose, in limited areas?
BEUKERS: Not to detract from a NAVAID (Radio Navigation Aid), it transmits
almost parallel and is more viable than zero service up to about 100,000 feet.
Its 500 milliwatt transmitter operates over the 400-406 MHz frequency range.
MORTIMER: Is it really expendable or do you have some returned from time to
time?
BEUKERS:
Many are recovered since they parachute down.
There is no reward
































































































































































































































































































































































































































































































































































































































been allocated a wide band at 416 MHz.
CUTCHIN: Are they experimental?
BEUKERS: No, operational use has been authorized.
 





































































Drifting drogues would be desired for dispersion tracking alone or WOUld
also be provided with sensors, —- e.g. for temperature and depth.
Navigational and Allied Technology for the Location and Tracking
of Buoys
For the Great Lakes System, a very low frequency (VLF) of 10 to 130 kHz.
Loran—C and differential Omega radio location techniques are valuable,
especially Loran—C, with ranges of up to 1000 km. Operational coverage
of the Upper Great Lakes by these systems is anticipated by 1975—80.
The value of utilizing underwater acoustic (e.g. SONAR) techniques in
the nearshore shallow waters of the Great Lakes, should be explored
further. The use of Earth Satellite tracking systems — e.g. NIMBUS 4
and F — should be continued, using highfrequency radio re—transmission.
Range-Range drogue monitoring by boat and radar tracking by aircraft are
other techniques successfully applied in lake and ocean environments,
for short range (30 to 40 miles) observations.
Probable Lower Limits of Cost of "Expendable" Instruments
Drifting buoy and drogue equipment costs range from as little as $200—$300
to several thousand dollars, depending upon the degree of sophistication
required and the number and variety of sensors fitted. The range and
life of the radio transmission instruments required affect this. These
costs apply only to the drogue-buoy combination and not to the shore,
aircraft, satellite or other re—transmission, and receiving systems, or
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DR. C. H. MORTIMER, Chairman of the IJC Great Lakes Research Advisory
Board's Standing Committee on Lake Dynamics, is Director of the Center for
Great Lakes Studies, the University of Wisconsin—Milwaukee. His first Great




Since the founding of the Center in 1966, he has expanded his studies of the
dynamics of large closed basins, where muchhas yet to be discovered regarding
large scale circulation.
DR. C. RAJ MURTHY of the Applied Research Division of Environment
Canada's Canada Centre for Inland Waters, Burlington, Ontario, is studying
lake dynamics related to nearshore, coastal, zones. The diffusion and
distribution patterns of artificial dye plumes have yielded data useful in
the interpretation of offshore lake conditions for resolving practical
problems. Experiments using both dyes and drogues were conducted during
the IFYGL (International Field Year on the Great Lakes) in 1972.
DR. MERVIN D. PALMER head of the Lakes System Unit, Water Resources
Branch, Ontario Ministry of the Environment, is a member of the Board's
International Joint Commission Lower Lakes Study. The Lakes System Unit
is responsible for evolving a predictive capability for water quality
in coastal regions of large lakes.
MR. MARTIN C. POPPE, has a consulting company, Cambridge Engineering of
Cambridge, Vermont.
He has provided expertise in navigation techniques,
radio communications and signal processing for both the U.S. Government
and private industry.
His expertise in tracking remote objects and the
utilization of re-transmission techniques has included participation in
international programs such as the (1972) IFYGL, the GATE* and now the
FGGE**.
Development and production of the Tran—Star satellite communication
inexpensive satellite navigation receiver for evaluation in the FGGE
program.
*
Global Atmospheric Research Program (CARP) Tropical Experiment
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Error caused by float alone without wind
Error caused by wire alone
Error caused by float and wire combined
Depth error caused by wire angle
Worst case of error caused by wind































































































































































































The movement of water masses is commonly studied by following the motion
of current followers consisting of surface floats, weighted subsurface drogues
and connecting wires. Commonly this is done without the provision of even a
crude estimate of the errors to be expected from such systems or any numerical
criteria for the design of the followers.
The general approximate analysis of such systems to be presented will make
it possible to aSSess a system easily, and even to make first-order corrections
when the values of water shear velocities are known.
It will also be possible
to assess the worst case of the effect of wind.
When water shear is under discussion, the term "float" shall include, not
only the Submerged portion of the float, but also rods, weights, shackles, and
other appurtenances that are in the water. When wind effects are discussed,
"float" shall signify all parts that are above the surface. Similarly, the
term "drogue" shall include all its appurtenances.
ERROR CAUSED BY FLOAT ALONE WITHOUT WIND
The general equation for fluid drag on an object is
D=c,,s‘gv2 (1)
where D is the drag force in lb, Co the drag coefficient of the object, S the
cross-section area of the object, in square feet, perpendicular to its velonity
V ft/sec through the fluid, and p the mass density of the fluid in slugs/ft3.'
For water 9/2 is approximately one, and for air approximately 0.0012 slugs/ft“.
Equation (1) may be rewritten as
D=RV“. (2)
This is the defining equation for R, the "drag factor" for the body. Except
for the case of the line connecting float to drogue, where in general the
velocity of the line through the water varies along the length of the line,
 
    





    
   
  
  
the drag factor is given by:
R = CD 5 g. (3)
This drag factor can be calculated fromequation (3), if the coefficient of
drag is known, or can be determined experimentally from equation (2).
Its
units are lb sec ‘ft' .







where the subscripts f and d refer to float and drogue, respectively, and V

















where V , is the "shear velocity"
(defined here as the absolute value of the





































in velocity to shear velocity is given by
(9)
 
 The direction of the error is obtained by subtracting the water velocity
vector at drogue depth from the surface velocity vector.
It is well here to examine the dependence of the computed system error







y= V1 = (14-vi) 1 . (11)





Ex a- Vr. ___ it .
Y 211 + x) x (13)
It is obvious then, that the percentage error in computed system error,




For example, if the system error Were computed to be 10% of the shear
velocity, and the estimated drag ratio were in error by 20%, the system error
would be either 9% or 11% of the shear velocity.
ERROR CAUSED BY WIRE ALONE
Let the velocity profile be aSSumed to be linear with depth.
Let the velocity V; of the drogue through the water surrounding it be
assumed to be much smaller than the velocity W. of the float through the Surface
water. The float velocity, V, will then be approximately equal to the shear
velocity V. . This is a reasonable approximation for any good system.
Further, let the drag coefficient be assumed to be constant along the






















































to an element of wire height, dh ft:
d DH = cm. as v,,2 = c” '1'“ via dh
(14)
whereiJ/Z is equal to one slug per fta , C,“ is the wire drag coefficient, Tu
is the wire diameter in ft, and VI. is the velocity of the wire at a height,
h ft above the drogue.
But
where H is the drogue depth.











Du a £1.3L. Vea-
CDH SH
Equating wire drag to drogue drag:




























and the error in system velocity caused by wire alone, eH , is equal to the













It was earlier assumed that the drag coefficient of the wire would be
constant along its length. This is only very approximately true, particularly






where V is the velocity in ft/sec of the wire through the water, T” the wire
diameter in ft and n the kinematic viscosity of water in fé7sec. (Since the
Reynolds number is dimensionless any consistent system of units may be used
here.)
However, if velocities less than 0.1 ft/sec can be neglected as contri-
buting little to system error, a constant value of the drag coefficient can
be chosen for each wire size that will allow a good estimate of system error.
The drag coefficients in Table I are based on a plot of drag coefficients of
circular cylinders as a function of Reynolds number in Hoerner (1965). For
the velocity range of 0.1 to 10 ft/sec, the actual drag coefficients differ
from these values by less than i 30%.
Table I. Approximate wire drag coefficients, as a
function of Reynolds number.










































































































































































































































 then the following values of drag coefficient given in Table II can be used.
For the velocity range of 0.2 to 10 ft/sec the actual drag coefficients will
differ from these values by 20% or less.
Table II. Approximate wire drag coefficients, with


















While the purpose of this paper has been to present simple, easily
applicable formulae by which a system can be approximately assessed, it should
z
be pointed out that a considerably more accurate assessment of the effect of
L






since it requires a knowledge of the
shear velocity.
First,
from the chosen wire diameter and predicted maximum velocity range,
determine the Reynolds number range from equation (24).
































of velocity with the form,
.—
Ii: CD ._ a Va, (25)












    
  
so that





































R“: as“ V, N aSN V. (30)























































































Rd V43 = Rt Vtas (32)
where















Similar reasoning to that used in equations (4) to (9), and in equations
(18) to (24), leads to a ratio of total system error (less wind effect) to













Again it should be noted that the percentage error in the computed systenlerror
will be less than one half the percentage error in the ratio of drogue drag




System errors as percentage of shear velocities are plotted in Fig. l
as a function of drag ratios.
A few values are also tabulated in Table III.
Examination of Table III will quickly show what large values of drag factor ratio are
required to obtain reasonable system error.
From the identical form of the formulae for system error it will be seen
that Fig.
1 and Table III can also be used to assess
the effect of float alone,
wire alone, and the worst case of wind effect.

























































































































float drag and wire drag:
1=h = (R, + R") v,3
(36)
01"













































































































































































































































































































































































































wind velocity and water velocity at drogue depth or.
for any significant winds,

















let us again equate wind drag to drogue drag:
n. = R‘ v3, (46)
and take the derivative with respect to drogue velocity:





from which it is apparent that the greatest change in drogue velocity for a
given increment of wind
dragoccurs at zero drogue velocity.

























For such a system:
R- = C0. EL Sn “0'0012 CD& so
and
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boloids of revolution with the formula
2 = 0.051 r3
   
_ 14 -
where z and r are in inches. This yields a float with a centre thickness of
5 in and a diameter of 14 in before rounding of the sharp peripheral edge.
The particular thickness-to-diameter ratio was chosen after tow tests of
three 14-in diameter floats of a, 5, and 6 in thicknesses. The 5-in float
exhibited the best sea-keeping properties and gave the highest buoyancy-to-
drag ratio and the lowest drag factor.
The float drag factor, R 'was determined by repeatedmeasurement of drag
force and velocity with the float internally weighted to design diaplacement
(3/4 of its volume immersed). The drag factor was the mean of the quotients
of drag in lb by the square of the velocity in ft/sec. For the S-in thick
float the drag factor was
_a
Rf = 0.10 lb seca ft
The wind dragfactor for the float, R g, was determined by inverting the
float complete with battery bottle, pole, flag and light, so weighted that the
immersed portion corresponded to the portion normally in air. The air drag
factor was computed from the measured drag, D ., and velocity V .by the
relationship
The mean value was
-4 -3
R. = 4.4 x 10 lb seca ft
For 10 metres of 50 lb test nylon of diameter 0.030 in, using the drag
coefficient from Table II:
CD“ SH 3
R“ = .___éi___ is 1'41; 333 ’03 = 0.04 lb seca ft” .
’J
a
The drogue is an 8 ft wide, 6 ft high, "window blind" of 4 mil polyethylene,
lashed along its upper edge to a cedar 848, 1x2, and along its lower edge to a
5/8-in diameter iron bar with a weight of 8.3 lb to submerge approximately 3/4
of the float volume. It is attached to the line to the float by a bridle with
arms at 45° to horizontal.
This drogue was suggested by D. Dobson of Bedford Institute of Oceanography.
In tow trials of a 2 ft square model at .014 knot, we found that, starting with
its plane parallel to velocity, it aligned itself perpendicular to the velocity
in travelling its own length. A deliberate 1/2 in inequality in bridle arms
increased this distance to about 3 lengths. After it had aligned itself, it






Rd = Cod-3 54 §'2(l)(48) = 96 lb sec3 ft 2
_2























20% value for the system in example 2.
Examining possible wind effect:
Rd 96




v, 1 + 106722
Therefore, wind induced error will be not more than about 0.2% of the wind
velocity.
Error in drogue depth can be assessed as follows:
 
tan 0‘. R; v,‘*. 0‘14 v,3 = 0.016 v,“
w“ 8.3
tan 0, . 51 v3. 0‘10 _ 0.012 V,3
wa 8.3










3 tan a, 0 0 0 0.016 0.064 0.26
tan 9! 0 0 0 0.012 0.048 0.19
94° 0 0 0 0.9 3.7 15
9,0 0 o o 0.7 2.7 11
:1 cos ea 1.00 1.00 1.00 1.00 1.00 0.97
3; cos 0, 1.00 1.00 1.00 1.00 1.00 0.93
shear velocity of about 4 ft/sec is reached. At this velocity the depth error
is between 2 and 3% of wire length.
1
'1
% The per cent error in drogue depth is, therefore, negligible until a
l
J
The maximum wind-induced wire angle is given by
 
: 4.4 x 10'4
._R. 3
tan 9 — __ V,l 8.6
d
V.3 = 5.1 x 10-5 v.2
from which it is obvious that there can be no appreciable wind-induced wire
angle for any moderate wind speed. -
 
From the above calculations it would seem that this system is satisfactory
in any reasonablewinds and in water shear velocities to 4 or S ft/sec.
Later tow tests were performed in moderate chop under conditions that
simulated system working conditions. An appropriate weight was suspended 10
ft below the float to simulate drogue weight. A horizontal line from this
weight led forward to a large cannonball suspended over the ship side. The
float was observed to behave well up to 3.5 ft/sec (~w2 knots) at which velocity
the forward edge of the float began to lift. Direction of tow relative to wind
and waves made no observable differencein behaviour. Errors for this system at
shear velocities at or above 3.5 ft/sec will, therefore, be greater than the
predicted values.
A 10° bend near the upper end of the lower rod, figure 2, would improve
the behaviour of the float at the higher shear velocities at the cost of poorer
behaviour at the lower and, therefore, less important shear velocities.
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Drogue weight in water
Horizontal component of wire tension
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Wire angle at float
Wire length
Subscript denoting exposed part of
float
Mass density of air






























System error velocities, et , as percentages of shear velocities
plotted against drag factor ratios, Rd/Rt.
Current follower system analyZed in example 2.
Battery bottle for system shown in Fig. 2.
Brass bushing to strengthen upper rod and bottle cap shown in Fig. 2.
Retaining clip for float assembly shown in Fig. 2.









































Drag Factor Ratio, "/3. —-—>
Fig. 1. System errors, e , as percentages of shear velocities plotted against
drag factor ratiss, Rd/Rt.
 























Clear Ampok vial size Ass with:
coloured film liner.
'5 rubber stopper,
6.5. 407. 4-9v flasher bulb
and socket.
24in. 2mil, fluorescent orange,
polyethylene flag
as in. a; if; in diam. stainless-steel
rod, threaded io—24 both ends
Lid fillings — see ﬁg 3.
Mn. wide mouth polyethylene jar
with:
polypropylene lid
Evereody N0 2774 N, 6v. battery.
3-3ohm series resistor,
Polyurethane floot — see ﬁg 6.
I'm. Mn. wooden washer and steel
collar with setscrew.
14in lg. '/. in. diam stainless -steel rod
with lln diam. eye one end and P. ME
thread other end.
Small swivel snap.
SOlb. test nylon monofiloment
Nylon monofilament bridle
834. la. cedar lx2 $45.
854. x 65;. 4M polyethylene
83L l4. Vain. diam. reinforcing iron





































Brass bushing - see 514 4.
2 in Quaint. l.D. brass washer.
l0 - 24 nut.
6v. battery. ®
'4 N.F. nuts. ®
®
'/4 in. diam. stainless steel rod.
Fig. 3.
Polyethylene bottle.




Recess for clip -- see 1,149.5
Hole through lid sealed
with GE. silicone seal.




















































































shown in Fig. 2.
Fig. 4.
 






















































   
 










’ 2 Ito/5&5 molded
polyurethane.
SECTION A-A
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Estimation of error from water shear velocity
Obtain float drag factor, R,, from (a), (b), or (c).
From immersed cross-sectional area perpendicular to flow, 5 sq. ft.,
of float, an estimate of its drag coefficient, 0,, depending on shape,
the water density p/2 (= 1) and







If float in example 3 is used,
R, = 0.10 .
graph presented here obtain wire drag factor, Rilofor 10 meters of
Obtain wire drag factor R, for length of line used, L meters from
R =LRV1o.
Obtain sum of float and wire drag factors:
R, = R’ + R.





































































5. Enter graph, Fig. l, in current follower paper with ratio Rd/R‘ and obtain
estimated system error, e, as percentage of the shear velocity.
Estimation of maximum wind induced error
1. Obtain float air drag factor, R., for portion of float exposed to air as in
obtaining Rf except that air density is approximately .001 times water
density.
2. Obtain drogue drag factor, Rd, as above.
3. Enter error graph, Fig. l, with ratio Rd/R‘ to obtain error as percentage
of wind velocity.
NOTE:
In the foregoing no units have been given for the drag factors. Since
only ratios of drag factors are used to determine the ratios between error
velocities and shear velocities, the drag factors may be in any units provided
only that all have the same units.
 





0 0.1 0.2 0.3
Wire diam. in.
Notes:
R, is proportional to wire length
Use R. to 2 decimal places only
Nanaimo, B. C.
10 July 1970
 
